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Twelve patients (5 male and 7 female; mean age 
17.7 ± 12.3 years, range 5 to 42) with Marfan's syn•
drome and 48 of their first degree relatives (16 male and 
22 female; mean age 29.8 ± 17.3 years, range 4 to 60) 
were evaluated for cardiac abnormalities by echocardi•
ography. Of the patients with Marfan's syndrome, aortic 
valve prolapse was present in 1, tricuspid valve prolapse 
in 4, mitral valve prolapse in 12 and aortic root dilation 
in 10. Of the 48 first degree relatives of these 12 patients, 
tricuspid valve prolapse was diagnosed in 3, mitral valve 
prolapse in 15 and aortic root dilation in 12; aortic valve 
prolapse was not observed in any of these sUbjects. 
Of the 60 persons studied in these 12 kindreds, 28 
(47 %) had cardiac involvement. Among the 28 with car•
diac involvement, aortic valve prolapse was observed in 
1 (3.5%), tricuspid valve prolapse in 7 (25%), mitral 
valve prolapse in 27 (96%) and aortic root dilation in 
22 (79%). Mitral valve prolapse was also present in the 
seven subjects with tricuspid valve prolapse and one with 
Marfan's syndrome is a heritable disorder of connective 
tissue. The life span of patients with this syndrome is short•
ened, primarily as a result of abnormalities of the cardio•
vascular system (1). Because several of these abnormalities 
can be corrected with surgery, recognition and assessment 
of their severity are mandatory. (2,3) 
In light of the heritable nature of this disorder, screening 
of asymptomatic family members of patients with Marfan's 
syndrome has been frequently recommended (4,5). Previous 
reports based on auscultatory, echocardiographic and an•
giographic findings have noted mitral valve prolapse and 
aortic root dilation in patients with this syndrome. However, 
in asymptomatic subjects, the physical examination is of 
limited value in detecting abnormalities, and angiography 
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aortic valve prolapse. In 32 of the 60 persons studied in 
the 12 families, at least one abnormality of the cardiac, 
skeletal or ophthalmologic system was observed. Nine•
teen subjects were younger than 18 years of age; all had 
cardiac involvement associated with Marfan's syn•
drome. The notably earlier presentation of cardiac in•
volvement in young persons may be responsible for a 
shorter life span in this group. 
It is concluded: 1) Because of the high penetrance of 
cardiac abnormalities, all young persons with a family 
history of Marfan's syndrome should be followed up. 2) 
The high prevalence of cardiac abnormalities in children 
may contribute to an impaired life span in this disease 
which could be prevented. 3) Combined valvular pro•
lapse is not uncommon in Marfan's syndrome. Close 
follow-up and regular evaluation by echocardiography 
are indicated. 
(J Am Coil CardioI1985;6:1016-20) 
is not a preferred technique because of its invasive nature; 
thus, two-dimensional echocardiography appears to be the 
most suitable method of detecting valvular abnormalities. 
The purpose of this study was to screen all family mem•
bers of 12 index patients with Marfan's syndrome with two•
dimensional and M-mode echocardiography to define the 
prevalence of associated cardiac abnormalities. 
Methods 
Patient selection. Twelve patients with Marfan's syn•
drome (five men and seven women), whose ages ranged 
from 5 to 42 years (mean 17.7 ± 12.3), were studied. The 
diagnosis in these patients was made originally by physical 
examination. At least two of the following three criteria for 
diagnosis of Marfan's syndrome were satisfied: 1) char•
acteristic musculoskeletal abnormalities, including a high 
arched palate, scoliosis, pectus deformity, dolichosteno•
melia, arachnodactyly, long thin extensible joints and 
excessive height with an arm span greater than height; 
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2) ectopia lentis and myopia; and 3) family history of Mar•
fan's syndrome (6). 
All members of the 12 families returned for detailed 
study. There were 55 first degree relatives; 52 were living 
and 48 of these individuals were examined. Of these 48 
subjects, 26 were male and 22 were female; their ages ranged 
from 4 to 60 years (mean 29.8 ± 17.3). No attempt was 
made to preselect the patients or their relatives. 
Echocardiographic study. M-mode echocardiographic 
examination was performed using an Irex System II ultra•
sonoscope. Two-dimensional echocardiographic examina•
tion was performed using a commercially available cardiac 
imager with a wide angle mechanical sector scanner and 
2.25 MHz transducer (Picker 80-C). The standard long-axis, 
apical four chamber and right ventricular long-axis views 
were obtained according to standard technique (7). 
Measurements and standards. Aortic root dimension 
was measured from the most anterior portion of the anterior 
aortic wall to the most anterior portion of the posterior wall 
in diastole (8). Standard measurements of aortic root di•
mension in 285 normal Chinese children, younger than 18 
years of age had been studied by M-mode using a technique 
that took into consideration body surface area and body 
weight. Thus, the echocardiographic criteria of aortic root 
dilation in children were established (Table 1); abnormal 
enlargement was considered present only if the criteria were 
fulfilled in relation to correction for body weight and body 
surface area. For subjects aged 18 years or older, aortic root 
dilation was considered present if the aortic root diameter 
was greater than 3.7 cm. 
Table 1. Echocardiographic Criteria for Evaluating Aortic Root 
Dilation in Chinese Children* 
Weight (kg) 
<5 
5 to 15 
16 to 25 
26 to 35 
36 to 45 
> 45 
BSA (m2) 
<0.5 
0.5 to 1.0 
1.1 to 1.5 
>1.5 
Weight Correction 
Body Surface Correction 
Aortic Enlargement 
(mm) 
> 13.0 
> 20.0 
> 24.0 
> 28.0 
> 30.0 
> 31.5 
> 18.0 
> 28.0 
> 31.0 
> 31.5 
*Data adapted from M-mode echocardiograms of 285 normal Chinese 
children studied by Hsich KS, et al. Acta Paed Sin 1982;23:229-38, with 
permission of the authors. BSA = body surface area. 
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The presence or absence of mitral, tricuspid or aortic 
valve prolapse on two-dimensional echocardiography was 
determined using previously published criteria (9). In brief, 
anterior mitral leaflet prolapse was characterized by an un•
usually large and redundant anterior leaflet that arched pos•
teriorly and superiorly above the level of the mitral ring 
during systole. Prolapse of both the anterior and posterior 
leaflets of the mitral valve was diagnosed when both leaflets 
bulged across the mitral ring into the left atrium. Similarly, 
posterior mitral leaflet prolapse was diagnosed by superior 
motion of the posterior leaflet above the mitral ring. Tri•
cuspid valve prolapse was considered present when the an•
terior or septal leaflet, or both, or the tricuspid valve ap•
peared redundant and prolapsed beyond the level of tricuspid 
ring during systole. Aortic valve prolapse was diagnosed 
by a downward displacement or prolapse motion toward the 
left ventricular outflow tract in diastole. 
Associated skeletal and eye studies. Skeletal and 
ophthalmologic (including slit lamp) examinations were per•
formed in both the 12 patients with Marfan's syndrome and 
their 48 relatives. These data are summarized in Table 2 
and Table 3, respectively. 
Results 
Patients with Marfan's syndrome (Table 2). Three 
(25%) of 12 patients with Marfan's syndrome had a grade 
2-3/6 diastolic murmur of aortic regurgitation. Another three 
patients (25%) had a mid to late systolic murmur or click, 
or both, compatible with mitral valve disease. 
Two-dimensional echocardiography revealed aortic valve 
prolapse in 1, tricuspid valve prolapse in 4 and mitral valve 
prolapse in all 12 patients with Marfan's syndrome. M-mode 
echocardiography showed aortic root dilation in 10 of the 
12 patients. 
Of the 12 patients with mitral valve prolapse, 2 had 
prolapse of the posterior leaflet and in the 10 remaining, 
prolapse was present in both the anterior and the posterior 
leaflets. In the four patients with tricuspid valve prolapse, 
both anterior and septal leaflets were involved. One patient 
with aortic valve prolapse had prolapse of both right and 
noncoronary cusps. Patients with either tricuspid or aortic 
valve prolapse also had associated mitral valve prolapse. 
First degree relatives of patients with Marfan's syn•
drome (Table 3). A grade 2-3/6 diastolic murmur of aortic 
regurgitation was present in 1 (2%) of the 48 relatives of 
patients with Marfan's syndrome. Another six relatives 
(12.5%) had a mid to late systolic murmur or click, or both, 
compatible with mitral valve disease. 
Two-dimensional echocardiography revealed tricuspid 
valve prolapse in 3 relatives and mitral valve prolapse in 
15, but no subject was observed to have aortic valve pro•
lapse. M-mode echocardiography showed aortic root dila•
tion in 12 of the 48 relatives. 
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Table 2. Clinical Characteristics and Echocardiographic Findings in 12 Patients With Marfan's Syndrome 
Age (yr) 
Echocardiography 
Height Arm Span 
Case & Sex Auscultation ARD MVP TVP AVP Eye Skeletal (em) (em) 
22M MR + click + Ant + Post Ant + Sep E A,D,J,S 185 193 
2 12F None + Ant + Post E,My A,J,P 142 149 
3 6M None + Ant + Post M J,P 98 98 
4 25F None Post E,My A,D,J,P 174 181 
5 42M AR + Ant + Post Ant + Sep A,D,J,P 161 166 
6 38F MR, click Post E,My A,D,P 170 178 
7 SF AR + Ant + Post E,My A,J,P 92 96 
8 IIF None + Ant + Post E,My A,P 136 139 
9 15M None + Ant + Post E A,D,J,P 170 176 
10 6F None + Ant + Post Ant + Sep E,My A,P 94 96 
II 10F MR + Ant + Post Ant + Sep E,My A,D,P 130 137 
12 21M AR + Ant + Post RC + NC A,D,P 171 176 
A = arachnodactyly; Ant = anterior leaflet; AR = aortic regurgitation; ARD = aortic root dilation; A VP = aortic valve prolapse; D = dolicho-
stenomelia; E = ectopia lentis; F = female; J = joint laxity; M = male; MR = mitral regurgitation; MVP = mitral valve prolapse; My = myopia; 
NC = noncoronary cusp of the aortic valve; P = pectus deformity; Post = posterior leaflet; RC = right cusp of the aortic valve; S = scoliosis; Sep 
= septal leaflet; TVP = tricuspid valve prolapse; + = present; - = absent. 
Of the 15 relatives with mitral valve prolapse, 5 had 
prolapse of the posterior leaflet and the other 10 had prolapse 
of both the anterior and the posterior leaflets. Of the three 
relatives with tricuspid valve prolapse, one had prolapse of 
the septal leaflet and the remaining two had prolapse of both 
the anterior and the septal leaflet. In addition, the three 
patients with tricuspid valve prolapse had associated mitral 
valve prolapse. 
Of the 60 subjects studied in these 12 kindreds, 28 (47%) 
had cardiac involvement. Among the 28 subjects with car•
diac involvement, aortic valve prolapse was diagnosed in 1 
(3.5%), tricuspid valve prolapse in 7 (25%), mitral valve 
prolapse in 27 (96%) and aortic root dilation in 22 (79%). 
In the seven subjects with tricuspid valve prolapse and in 
the one with aortic valve prolapse, mitral valve prolapse 
was also present. 
Sporadic cases of Marfan's syndrome without a pos•
itive family pedigree. Of the 12 patients with Marfan's 
syndrome, 3 (Cases 1, 4 and 9) did not have a positive 
family pedigree. Of these three patients with typical char•
acteristics of Marfan's syndrome, two had prolapse of both 
the tricuspid and the mitral valve associated with aortic root 
dilation; the remaining patient had mitral valve prolapse 
alone. 
Discussion 
Multivalvular involvement in Marfan's syndrome. 
The high prevalence of mitral valve prolapse in Marfan's 
syndrome has been previously reported (4,5); however, tri•
cuspid and aortic valve prolapse alone and in combination 
with mitral valve prolapse have not been explored. Several 
recent surgical and pathologic studies (10-14) in patients 
with Marfan's syndrome demonstrated myxomatous degen•
eration of affected valves, including the aortic, tricuspid and 
mitral valve. It was further suggested that valvular abnor•
malities in Marfan's syndrome appear not to be isolated to 
a single atrioventricular valve but could involve all the car•
diac tissues, and consequently lead to multivalvular prolapse. 
Insensitive clinical detection. Echocardiography may 
improve the routine clinical detection of valvular abnor•
mality in a large percent of patients with Marfan's syn•
drome. In this study, we demonstrated that 18 (67%) of 27 
patients with echocardiographic evidence of mitral valve 
prolapse had no other clinical evidence of mitral valve dis•
ease and 13 (76%) of 17 patients with aortic root dilation 
had no clinical evidence of aortic regurgitation. Notably, 
none of the cases of tricuspid valve prolapse were suspected 
on clinical examination. The low correlation between the 
physical findings and echocardiographic diagnosis of mitral 
prolapse has also been observed in previous reports 
(4,10,15-17). 
Cardiac involvement in children. On the three special 
examinations related to the cardiac, skeletal and ophthal•
mologic systems, 32 of 60 subjects studied in the 12 families 
had abnormalities of at least one of the three systems. In 
this group, 19 subjects were younger than 18 years of age. 
All of these subjects had cardiac involvement and clearly 
demonstrated Marfan's syndrome. Thus, the early presen•
tation and high prevalence of cardiac involvement in the 
young patient may reflect a guarded life span in this disease. 
Natural history of cardiac involvement. The short life 
span in Marfan's syndrome has been previously emphasized 
(1-3,18), aortic dissection and rupture and chronic aortic 
regurgitation with progressive aortic dilation causing pre•
mature death. The natural history of cardiac valve involve•
ment in this syndrome remains largely unknown. In a lon•
gitudinal follow-up review (19) of 120 patients with Marfan's 
syndrome younger than 22 years of age, mitral valve dys-
lACC Vol. 6, No.5 
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Table 3. Clinical Characteristics and Echocardiographic Findings in 48 First Degree Relatives of 12 Patients With Marfan's 
Syndrome 
Relation 
to Patient 
Age (yr) 
& Sex 
Eehoeardiography 
Height 
(em) 
Arm Span 
(em) Relative* Auscultation ARD MVP TVP AVP Eye Skeletal 
I-I 
1-2 
1-3 
1-4 
1-5 
1-6 
2-1 
2-2 
2-3 
2-4 
3-1 
3-2 
3-3 
4-1 
4-2 
4-3 
4-4 
5-1 
5-2 
5-3 
6-1 
6-2 
6-3 
6-4 
6-5 
7-1 
7-2 
7-3 
7-4 
8-i 
8-2 
8-3 
8-4 
9-1 
9-2 
9-3 
9·4 
10-1 
10-2 
11-1 
11-2 
11-3 
11-4 
12-1 
12-2 
12-3 
12-4 
12-5 
P 
P 
S 
S 
S 
S 
P 
P 
S 
S 
P 
P 
S 
P 
P 
S 
S 
S 
C 
C 
P 
S 
S 
S 
C 
P 
P 
S 
S 
P 
P 
S 
S 
P 
P 
S 
S 
P 
S 
P 
P 
S 
S 
P 
P 
S 
S 
S 
60M 
58F 
32M 
28M 
22M 
34F 
50F 
51M 
20M 
19M 
50M 
44F 
IOF 
51M 
48F 
30M 
26M 
48M 
11M 
9M 
58F 
28F 
26M 
24F 
5M 
40M 
38F 
5M 
9M 
40M 
38F 
9F 
8F 
50M 
48F 
13M 
16F 
42F 
4M 
42M 
40F 
12F 
7F 
46M 
44F 
8M 
15F 
14F 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
MR 
Click 
None 
None 
None 
None 
MR,click 
None 
None 
MR,click 
None 
None 
None 
None 
None 
None 
None 
None 
None 
MR 
None 
AR 
None 
MR 
MR 
None 
None 
None 
None 
None 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Ant + Post 
Ant + post 
Post 
Ant + Post 
Ant + Post 
Ant + Post 
Post 
Ant + Post 
Post 
Post 
Post 
Ant + Post 
Ant + Post 
Ant + Post 
Ant + Post 
Sep 
Ant + Sep 
Ant + Sep 
E A,D 
E A,D 
A,D 
My A,l,P 
A,l,P 
A,D,l,P 
E,My A,D,l,P 
A,D 
E 
A,J,P 
P 
A,D 
A,l,P 
A,l,P 
A 
A,D,l,P 
A,D,P 
A,l 
A,J 
A,P 
A 
170 
160 
158 
168 
172 
158 
160 
172 
174 
170 
178 
168 
136 
170 
158 
168 
171 
168 
130 
128 
160 
162 
170 
159 
86 
166 
158 
89 
110 
168 
161 
124 
121 
169 
160 
138 
148 
163 
80 
176 
160 
148 
122 
168 
158 
118 
150 
151 
168 
159 
156 
168 
170 
158 
159 
179 
180 
169 
184 
166 
143 
169 
158 
167 
170 
168 
137 
135 
159 
163 
169 
160 
92 
174 
159 
93 
109 
174 
159 
130 
126 
168 
160 
137 
148 
168 
84 
183 
159 
156 
127 
172 
158 
119 
155 
151 
*Patient no.-relative no. C = child; P = parent; S = sibling; other abbreviations as in Table 2. 
function presented as mitral valve prolapse and, as opposed 
to idiopathic m~tral valve prolapse, progressed clinically in 
approximately half of the patients. In another recent study 
(20), the clinical, cardiac and echocardiographic features 
were reviewed ip. 15 consecutive infants and children with 
Marfan's syndrome who presented before 4 years of age. 
Nine of the 13 patients with mitral valve prolapse had pro•
gressive mitral valve dysfunction and in 4 of these 13 pa•
tients mitral valve replacement was required. According to 
their studies, Pyeritz and Wappel (19) suggeste9 that the 
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natural history of idiopathic or familial mitral valve prolapse 
syndrome appeared far more benign than mitral valve dys•
function associated with Marfan's syndrome. In addition, 
mitral valve dysfunction is almost as common as aortic root 
dilation in Marfan's syndrome and in many instances, par•
ticularly in children, may be severe enough to represent a 
major cardiovascular morbidity. 
Prognostic significance. The clinical significance of 
combined valvular prolapse is largely unknown. Some re•
cent retrospective studies (10,21) suggested that patients 
with myxomatous degeneration of cardiac valves are subject 
to a more rapidly hemodynamic deterioration, more intra•
operative complications and a higher operative mortality rate 
than are patients with other valvular diseases. Whether in•
volvement of two more cardiac valves alters the natural 
history of Marfan's syndrome remains unknown. However, 
the more generalized the condition, the worse the prognosis. 
Rippe et al. (10) studied 11 patients with multiple prolapsed 
valves. In approximately half of these patients, symptoms 
of congestive heart failure were present and more than one•
fourth required valve replacement, a far greater incidence 
of serious sequelae than experienced by patients with mitral 
prolapse alone. In our study, two of seven patients with 
combined tricuspid and mitral valve prolapse had congestive 
heart failure and died before the age of 40 years. Hence, 
the remaining patients with combined valvular prolapse may 
have a grave prognosis and will require careful follow-up. 
Sporadic cases without a family history. Marfan' s 
syndrome is an autosomal dominant disease. Approximately 
15% of cases of this syndrome are new mutations (6). In 
our study, in the three patients with typical characteristics 
of Marfan's syndrome but no positive family pedigree, the 
average paternal age was increased, supporting the notion 
that these cases may represent new mutations. Sporadic 
cases of Marfan' s syndrome tend to be more severe than 
those associated with a family history (22) of Marfan's; 
however, in both instances, the patients will require further 
genetic investigation. 
Conclusions. On the basis of our study, we conclude 
the following: 1) Screening of family members at an early 
age should be performed because of the high penetrance of 
cardiac abnormalities. 2) The high prevalence of cardiac 
abnormalities in childhood may contribute to an impaired 
life span in this disease. 3) Combined valvular prolapse is 
not uncommon in Marfan's syndrome; hence, careful fol•
low-up with echocardiographic evaluation is indicated. 4) 
Because identification of myxomatous degeneration of car•
diac tissue before autopsy is not possible, it appears that 
two-dimensional echocardiography may be an excellent 
method for detecting prolapsed mitral, tricuspid or aortic 
valve leaflets in patients as well as kindreds of families with 
Marfan's syndrome. 
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